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INTRODUCTION

This paper deals with the effect of nipagin (methyl parahydroxy

benzoate) and poor food conditions on the wing size of the mutant

vestigial in D. melanogaster. Nipagin is being used in many laboratories

as an antiseptic for mold control in Drosophila culture media. It was

found at this laboratory that the time of development of an isogenic

stock was increased when the larvae were raised on nipagin-treated food.

This suggested a method for increasing the time of development at

constant temperature, a new tool in phenogenetic research.

The effect of temperature on the wing size of vestigial has been

studied by a number of investigators (Harnly, 1930, 1932; Stanley,

1928, 1931, 1935; Hersh and Ward, 1932; Li and Tsui, 1936). They
find that the wing size of vestigial increases with increasing tempera-

ture. Furthermore, the temperature-effective period occurs during a

relatively short portion of the larval life. This present work represents

a different approach to the problem in that it concerns the effect of pro-

longing the duration of the larval period at constant temperature.

METHODS

The culture medium consisted of 850 cc. water, 100 grams corn-

meal, 150 cc. molasses, 13 grams agar-agar, and 6 grams brewer's yeast,

made up in the usual manner. The cultures were seeded with dry yeast.

In the starvation experiments the dry yeast was not added. The

nipagin was weighed on a standard quantitative balance and thoroughly
mixed with the food before pouring. Half-pint milk bottles containing
60 cc. food were used.

The isogenic vestigial stock was obtained from Dr. A. Hersh of

Western Reserve. About 20 pairs were used for egg-laying. It was
found that the flies did not lay well on the food containing the higher
concentrations of nipagin. It was necessary to use long egg-laying

periods of twelve hours and for this reason the time of development
was determined only approximately for these concentrations.
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The egg-laying and total development was carried out in an incubator

held constant at 28 0.1. The incubator was kept in a constant

temperature (16 1.), constant humidity (60 per cent 5 per cent

relative humidity) room. The apparatus is fully described in Droso-

phila Information Service 6, April 1936.

As the flies hatched they were examined, the sexes were separated
and they were placed in vials containing 70 per cent alcohol. An un-

selected sample of control flies and 0.2 per cent nipagin flies were bred

for a second generation to determine any
"

carry-over
"

effect. The

wings of the flies wr ere removed under a binocular microscope and

TABLE I

Effect of nipagin on wing size of vestigial. Temperature, 28 0.1.

Cone, of

Xipagin in

per cent
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seeded bottles a number of old larvae were added after the egg-laying.

This was done to remove any yeast carried in on the bodies of the adult

flies.

The time of development was determined by removing pupae at in-

tervals of four hours and placing them on agar slants. Many of these

flies were used for a second generation test. The matings were control

X control, control <3<3 X nipagin-treated ??, control ?? X nipagin-treated

<$d etc. to determine how much of the carry-over effect was maternal or

paternal.

FIG. 1. A normal 28 vestigial wing compared with wings from 28 nipagin
treated flies.

EXPERIMENTAL

The Effect of Varying Concentrations of Nipagin

In these experiments the larvae were raised on nipagin-treated food

to determine the effect of nipagin on the time of development and wing
area. The concentrations of nipagin used were 0.05 per cent, 0.1 per

cent, 0.2 per cent, 0.4 per cent, and 0.8 per cent of the food weight. A
few larvae in the 0.4 per cent and 0.8 per cent developed to pupation
but failed to hatch. It was found that the time of development in-

creased with increasing concentrations of nipagin, the 0.2 per cent

pupating two days later than the controls.

Table I shows the wing length and area as affected by nipagin. With
one exception, the 0.1 per cent for females, the lengths and areas of the

vestigial wings increase with increasing concentrations of nipagin. The

wing size of the control males is smaller than that of the females. With

increasing concentrations of nipagin, however, the male wing size in-

creases faster than the female. At 0.1 per cent and 0.2 per cent the
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male wings are larger than the female. A similar result is obtained with

temperature, the male wing size exceeding that of the females at high
temperature (Harnly, 1930; Stanley, 1931).

It was found when preserving the flies at hatching, that with in-

creasing time of development there was an apparent increase in wing
size within each nipagin-treated population. The change in wing size

due to nipagin is, therefore, greater than the means given in Table I
;

these means having been obtained by including all the flies in a given

population irrespective of their time of development. This general re-

sult has been recently reported by Braun (1939) on notch.

TABLE II

Relation between time of pupation and wing area. Control series.



436 GEORGECHILD

they pupated and the areas of the wings were determined separately for

each pupating group. The results (Table II) indicate that in the con-

trol series there is no apparent effect of time of development (from egg-

laying to pupation) on the size of the wings. The larvae pupate be-

tween 82 hours and 114 hours and the wing areas among the different

groups do not differ significantly from one another.

The time of development is very markedly increased in the nipagin

and starvation series (Tables III and IV). The wing areas of the

various groups show greater differences than in the control series.

There is an apparent relation between the time of pupation and wing

TABLE III

Relation between time of pupation and wing area after treatment with

0.1 per cent nipagin.

Time of Pupation
in hours
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TABLE IV
Relation between time of pupation and wing area after starvation.
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in the male offspring than in the female offspring, since in the latter the

total effect is smaller. The time of development is only approximate,
not having been measured by pupa removal but by simply noting the

time when about half the larvae had pupated. It is quite evident that

in all of the matings the wing areas are greater when affected flies of

either sex are used as parents. When treated females are used as

parents the difference is greater than when males are used. Treated

males and females as parents have offspring with greater wing areas than

those obtained when only one treated parent is used. Starvation of the

parents seems to produce a greater effect in the offspring than nipagin

treatment.

DISCUSSION

It is well known that with increasing temperature there is an increase

in the wing size of vestigial. A sharp increase is not obtained, however,

until very high temperatures are reached. It is generally accepted that

temperature produces its effect by affecting differentially the rate or

duration of the
"

vestigial reaction
"

as compared with the rate or dura-

tion of other developmental processes. By vestigial reaction we mean

the developmental reaction or reactions in the vestigial fly which differ

in rate or duration from the reactions in their isogenic wild type.

In the experiments with nipagin there is little reason to suspect that

the change in wing size is due to a direct effect of nipagin on the ves-

tigial reaction. The evidence, moreover, indicates that nipagin produces

its effect by increasing the time of development. The temperature-

effective period of the vestigial reaction is known to occur during a

portion of the larval development. Thus, by increasing the larval period

at constant temperature an effect on the vestigial wings will be produced
if the duration of the vestigial reaction as compared with the rest of

development is differentially affected. It appears from these results

that such is the case.

In the first experiments, using varying concentrations of nipagin, it

appeared that this chemical increased the time of development by de-

creasing the food supply. The yeast did not grow very well in the

treated food although all bottles started with equal amounts of dead

brewer's yeast and live yeast. The starvation experiments showed that

this was the case. There was a definite increase in the time of develop-
ment in wing area under both types of environmental conditions.

As stated previously, the exact relation between time of develop-
ment and wing area is obscured because of the decrease in the size of

the fly with increasing time of development. Under normal conditions

the larvae begin to pupate at 82 hours and the last larvae pupate at 114
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hours in these experiments. This variation is great because of the four-
hour egg-laying periods but with even shorter egg-laying periods a

spread of 18-24 hours is obtained (Powsner, 1935; Child, 1935).
This variation is a direct corollary to the nature of development

which as Wright (1934) points out is the result of a large number of

physical and chemical reactions, the rates and durations of which are

determined by the history of the organism prior to the stage in question,
correlative reactions within the organism, external environmental fac-

tors, actions of the genes within each cell, etc. In the highly hetero-

geneous systems of a developing larva these reactions will not go on
at exactly the same rates in all organisms and there will of necessity
be a spread in time of development as well as wing area under normal
conditions but no correlation betiveen these measurements. However,
when an additional factor, lack of food, is superimposed upon this nor-

mal variation a new set of conditions prevails. The duration of the

larval (feeding stage) period is lengthened, various reactions may pro-
duce minimal or even subminimal concentrations for further develop-
ment and development will become somewhat disorganized. In other

words, there will be a differential effect on the rates and durations of

many embryological processes resulting in a modified phenotype. Un-
der such conditions there will be a definite correlation between time of

development and wing area.

With this general hypothesis in mind it is possible to postulate a

number of mechanisms to account for the increased wing size. A
simple scheme would allow the wing formation reactions to proceed at

their normal rate but the developmental reactions which normally paral-

lel them are slowed down, especially those reactions which determine

the time at which the wing development stops. This would permit of

an increased wing area. With further starvation even the wing reac-

tions are slowed down or produce subminimal concentrations and the

size of the wing decreases. This outline is, of course, very general and

is not the only one which can be postulated. It merely illustrates how
the general theory can be utilized.

Carry-over Effect

The carry-over effect experiments were unfortunately not extended

beyond the first generation. They show, however, that there is a defi-

nite effect on the offspring of parents raised under poor food condi-

tions a sort of dauermodification (Jollos, 1934). It is well known

that starved flies lay smaller eggs than normal ones. Powsner (1935)

found that eggs laid by flies raised on poor food had a longer develop-

mental period than eggs laid by flies raised on good food. If this delay
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in development were the only factor involved a definite carry-over effect

should be expected on the maternal side. In these experiments, how-

ever, there was also a paternal effect. To account for this result one

must assume an effect of starvation on developing sperm. This may
concern the small amount of cytoplasm carried by the sperm or perhaps

a direct effect on its genie material.

The recent series of investigations at Columbia University by Ritten-

berg, Schoenheimer, Clarke and others in which deuterium, isotopes of

nitrogen, and other elements were used to follow intermediary metabo-

lism may bear on this problem. These workers have shown that many
of the organic substances in protoplasm, even proteins, are not in a

static condition. The "
living proteins

"
are constantly interacting with

their environment and may exchange their hydrogen for deuterium,

and even nitrogen for one of its isotopes. Thus the composition and

behavior of protoplasm is directly modified by the composition of its

environment. Should the chromosomes or the genes behave in this

kinetic manner of extracting substrates from the cytoplasm and releas-

ing equivalent substances in exchange, we would have a mechanism for

the production of these starvation effects and other dauermodifications,

production of immunity, even differentiation during ontogeny. It is

necessary, of course, to assume that the cytoplasm of the treated flies

differs from that of normal cytoplasm. In this manner a modified cyto-

plasm may produce a change in the chromosomes. It is also of interest

to note that if this is the case, we have a mechanism for an
"

inheritance

of acquired characters," not in the old sense of the phrase but on a

molecular level. This would allow the environment to produce
"

ge-

netic changes
"

which need not be permanent. These
"

mutations
"

could

return to normal in one or more generations. Plough and Ives (1935)
found that variations continued to appear in generations later than those

actually treated with a high temperature of 36.5 for 24 hours. These

variations decreased in number in subsequent generations.

These experiments are to be continued for a number of generations.

The original vestigial stock used has been discontinued in this laboratory
and another isogenic stock is being prepared.

SUMMARY

The time of development of an isogenic vestigial stock of D. mclano-

gastcr was increased by two methods: (1) by adding nipagin (ethyl

parahydroxy benzoate) to the food, and (2) by adding only very little

yeast to the food. Both methods are essentially the same in that the

developing larvae are under starvation conditions. With increasing
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concentration 0.05, 0.1, 0.2 and 0.4 per cent, there was an increase in

the time of development and increase in the size of the wings, males

showing a greater effect than females. The large wings resembled those

of other vestigial alleles raised under normal conditions.

In another series of experiments 0.1 per cent nipagin and starvation

were used. The larvae were removed from the culture as they pupated,
to determine the relation between time of pupation and wing size. The
first flies to pupate did not differ significantly in wing size from con-

trols at that temperature. With increasing time of development there

was an increase in wing size. Larvae which were very much delayed,

however, developed into small flies with small wings. These wings,

although small, were more differentiated and larger than the control

wings.

The "
carry-over

"
effect was studied using normal food. The

treated females and males were mated with control males and females

respectively. Treated males were also mated with treated females. The

wings of flies from the latter mating showed the greatest carry-over

effect. Treated females by control males resulted in flies having a

significantly larger wing size than flies from the reciprocal cross. These

results indicate that there is a definite effect on the germ cells of flies

raised under starvation conditions, which effect shows itself in the sub-

sequent development of the zygote.
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